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SIMPLE SWITCHED-MODE POWER SUPPLY WITH CURRENT AND VOLTAGE 

LIMITATION 



BACKGROUND OF THE INVENTION 
1 . FIELD OF THE INVENTION 

This invention relates to a switched-mode power supply, in particular a switched- 
mode power supply with a primary side and a secondary side, which has a 
transformer with a primary-side winding, a secondary-side winding and at least one 
auxiliary winding. The primary-side winding and the auxiliary winding are connected 
to the primary side and the secondary-side winding is connected to the secondary 
side. The switched-mode power supply comprises a primary-side switch, which is 
connected to the primary-side winding, in order to interrupt a current flow through the 
primary-side winding, a freely oscillating circuit for the generation of switching pulses, 
which drive the primary-side switch, and a circuit for the generation of an image 
voltage between the terminals of the auxiliary winding, in order to generate an image 
voltage, which on the primary side forms a voltage to be regulated on the secondary 
side. 

2. DESCRIPTION OF THE RELATED ART 

Switched-mode power supplies are used in numerous electronic devices to generate 
the low direct voltage required for the supply of the electronic components from a 
mains voltage. In this respect switched-mode power supplies have prevailed over 
conventional power supplies with mains transformers in many applications, because 
above a certain power class they exhibit a better efficiency and in particular require 
less space. 

The latter is in particular attributable to the fact that instead of the mains voltage a 
high frequency alternating voltage is transformed, which, instead of the usual mains 
frequency of 50 Hz or 60 Hz, may for example be in the range from 20 kHz to 200 
kHz. Since the required number of windings on the transformer falls inversely 
proportionally to the frequency, the copper losses can in this way be significantly 
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reduced and the actual transformer becomes substantially smaller. 

To further optimise the efficiency, in particular primary switched-mode power supplies 
are known in which the frequency generated on the primary side of the h.gh 
frequency transformer by the switch, for example a bipolar transistor, is regulated in 
dependence of the load applied to the secondary side of the power supply umt m 
order to regulate the transferred power. The feedback required for this type of 
regulation is for example realised in that a voltage tapped off an auxiliary winding .s 
used as the controlled variable. An appropriate method of controlling the output 
current and/or the output voltage is described in EP 1 146 630 A2 and takes into 
account that the same energy is loaded into the transformer with each pulse. 
However, the circuit arrangement shown in this document has the disadvantage of 
being of comparatively complicated construction, because a relatively complex 
integrated circuit is used as the control circuit. 

The most inexpensive way of building a switched-mode power supply with electrical 
insulation between the primary and secondary sections is with a free-running flyback 
converter. This type of power supply however, has principally the disadvantage that 
with low load the switching frequency increases noticeably. Consequently, the power 
loss with no load and with low loads is high. 

An indirect measurement of the output voltage by measuring the voltage on a primary 
auxiliary winding or the main primary winding is more difficult with this type of power 
supply Due to the induced voltage from the stray inductance, a br.ef voltage 
overshoot arises, which with a large pulse width can be filtered out in a s.mple 
manner, so that it is possible to determine the secondary voltage relatively 
accurately. With a low load the pulse width however reduces so far that .t .s hardly 
possible to filter out the voltage induced by the stray inductance. This means that the 
output voltage on low load can only be determined very inaccurately. An example of 
this type of simple discrete circuit technology can be found in the (unexamined) 
published British patent application GB 02379036. In this circuit the use of an 
optocoupler is suggested to counter the disadvantages of unsatisfactory control 
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accuracy. Such an optocoupler, however, increases in turn the complexity and the 
costs of the complete switched-mode power supply. 

SUMMARY OF THE INVENTION 

Therefore the object underlying the present invention is to provide a switched-mode 
power supply of the generic type which with reduced complexity facilitates an 
improved control characteristic and an increased flexibility with regard to the 
operating parameters. 

The object is solved by a switched-mode power supply with the features of claim 1. 
Advantageous further developments of the switched-mode power supply according to 
the invention are the subject matter of various dependent claims. 

The present invention is based on the idea that with the aid of a time control unit, 
which is coupled to the primary-side switch such that the duration of a switch-off 
period of the primary-side switch can be adjusted, and in particular extended, within 
one switching cycle, a low switching frequency can be retained for a low load and, 
consequently, an accurate voltage control and the setting of various output current 
characteristics are possible. Furthermore, the switched-mode power supply 
according to the present invention is constructed from a few inexpensive 
components. The switched-mode power supply according to the invention therefore 
offers the advantage of low costs with an exact output voltage control, low open- 
circuit input power and the capability of usage in extremely variable applications. 
Finally, the switched-mode power supply according to the invention also has the 
advantage of short-circuit protection. 

According to an advantageous embodiment, the time control unit comprises a control 
capacitor for controlling the turn-off time of the primary-side switch by means of its 
charge current. In this way, speeding up of the turn-on process as well as speeding 
up of the turn-off process can be achieved. The turn-off period of the primary-side 
switch can be extended via the control capacitor in a particularly simple manner. In 
this way, the transferred power is set such that an almost load-independent output 
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voltage is produced. The detection of the output voltage on the primary side is 
simplified such that the transferred energy is the same with each pulse so that a 
relatively long time is always provided, during which current flows in the secondary 
winding. Brief voltage spikes, which arise due to stray inductance, can w.th the 
switched-mode power supply according to the invention be filtered out by means of 
RC elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are incorporated into and form a part of the 
specification for the purpose of explaining the principles of the invention. The 
drawings are not to be construed as limiting the invention to only the illustrated and 
described examples of how the invention can be made and used. Further features 
and advantages will become apparent from the following and more parficular 
description of the invention is illustrated in the accompanying drawings, wherein: 

Figure 1 shows a block diagram of a primary switched-mode power supply 
according to this invention; 

Figure 2 shows a circuit diagram of a primary switched-mode power supply 
according to a first embodiment; 

Figure 3 shows a circuit diagram of a switched-mode power supply according to a 
second embodiment; 

Figure 4 shows a circuit diagram of a switched-mode power supply according to a 
third embodiment; 

Figure 5 shows a circuit diagram of a switched-mode power supply according to a 
fourth embodiment; 

Figure 6 shows a circuit diagram of a switched-mode power supply according to a 
fifth embodiment. 



5 



DETAILED DESCRIPTION OF THE INVENTION 

The illustrated embodiments of the present invention will be described with reference 
to the figure drawings wherein like elements and structures are indicated by like 
reference numbers. 

Referring now to the drawings and in particular to Fig. 1, a schematic block diagram 
of a switched-mode power supply according to this invention is shown. The 
alternating voltage U, M . which may for example be the mains voltage, is applied to the 
input of the switched-mode power supply 100. In Europe the mains voltage varies 
between 180 V and 264 V alternating voltage and in America between 90 V and 130 
alternating voltage. The input voltage is rectified and stabilised in block 102. In 
addition, it is ensured that interference signals, which are generated in the switched- 
mode power supply, do not access the alternating voltage network. The primary-side 
winding 110 of the isolating transformer 108 and the primary-side switch 104, which 
is a transistor here, form a series circuit, which is connected to the rectified input 
voltage. The primary-side switch 104 interrupts the current, which flows through the 
primary-side winding 110, according to the control signals from the control circuit 
106. The switching pulses supplied from the control circuit to the control input of the 
primary-side switch 104 are controlled by block 116, in which the controlled variable 
is generated with the aid of an auxiliary winding 1 14 of the transformer 108. Here, the 
two signal paths 120 and 122 refer to two significant functions of the block 116: 
Firstly the signal 120 "pumps" the control circuit 106 to maintain the free running 
oscillation. Secondly, the signal path 122 controls the control circuit 106 such that 
changes in the switching cycle affect the electrical power, which is supplied to the 
transformer 108, in the desired manner. 

According to the invention, the control circuit 106 contains a time control unit 107 for 
this, which ensures that the pause periods (or also the turn-off times), in which the 
primary-side switch 104 is open, are matched in length to the required power. The 
energy, which is supplied to the transformer during each turn-on phase of the 
primary-side switch, always remains the same. 
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The secondary-side winding 112 of the transformer 108 is, as can be seen from 
Figure 1, connected to a block 118, which generates the secondary-side voltage 
Uout and optionally stabilises it. 

In the following the functional principle of the embodiment, drawn schematically in 
Figure 1, of the electrically insulated switched-mode power supply according to the 
invention is explained in more detail. 

The control circuit 106 controls the primary-side switch 104 such that it is brought 
alternately into the conducting and non-conducting state. Due to the voltage supplied 
by the block 102, a current always flows into the primary-side winding 110 when the 
primary-side switch 104 is in the conducting state. A change in the current stores 
energy in the magnetic field of the transformer 108. When the primary-side switch 
104 blocks, the energy stored in the magnetic field is released mainly through the 
secondary-side winding 1 1 2 and in the block 1 1 8, which generates and stabilises the 
secondary voltage. A small part of the energy is released through the auxiliary 
winding 114 into the block 116. This generates an auxiliary voltage as a controlled 
variable. The energy is released periodically, but due to rectification and filtering an 
essentially rectified voltage can be generated as an auxiliary voltage. Since the 
magnetic coupling between the various windings of the transformer 108 is constant 
and does not depend on the value of the current or voltage, the value of the auxiliary 
voltage is proportional to the value of the secondary voltage and therefore to the 
value of the output voltage. 

By means of the time control unit 107 the turn-off period of the primary-side switch 
104 can be set such that the energy fed into the transformer depends on the output 
voltage. Therefore, the transferred power is set such that an almost load-independent 
output voltage Uout is produced. The detection of the output voltage on the primary 
side is simplified such that the transferred energy is the same with each pulse so that 
a relatively long time is always provided, during which current flows in the secondary 
winding 114. 
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A circuit diagram of a possible embodiment of the switched-mode power supply 
according to the present invention is shown in Figure 2. The main feature of this 
circuit is that the turn-off period of the primary-side switch, here the transistor T12, 
can be extended by the appropriate control of the transistor T1 1 . 

After applying of the input voltage U, N to the terminals K11 and K12, the capacitor 
C15 is charged via the resistors R11 and R12. With sufficient voltage, a current flows 
through the resistor R1 8, the base-collector junction of the transistor T1 1 , the resistor 
R20, the base-emitter junction of the transistor T12, the resistor R23 and the diode 
D17. Consequently, the primary-side switch T12 is driven open and a current flows 
through the primary main winding of the transformer W 10 (terminal 4/ terminal 1). On 
the auxiliary winding of the transformer (terminal 3/ terminal 2) a voltage is induced, 
which causes direct feedback via the capacitor C15, resistor R23 and capacitor C14, 
speeding up the turn-on process of the primary-side switch T12. 

Now the current increases, which flows through the primary-side main winding, the 
primary-side switch T12, the resistor R23 and the diode D17. Consequently, the 
voltage also increases, which is dropped across the resistor R23, and therefore also 
the base-emitter voltage of the transistor T1 3. When the base-emitter voltage of the 
transistor T13 exceeds the threshold voltage, the collector-emitter junction of T13 
becomes conducting and the transistor T12 is consequently turned off. This interrupts 
the flow of current in the primary-side winding of the transformer and the voltages on 
the transformer windings inverse due to self-inductance. An induced current flows 
both in the secondary-side winding as well as in the auxiliary winding. 

The current in the secondary-side winding charges the capacitor C100, generating a 
voltage, which can be used at the output. The current in the auxiliary winding charges 
the capacitor C15 via the diode D15 and the resistor R13 to a voltage, which 
corresponds to the voltage on the capacitor C100, as converted via the winding ratio 
of the auxiliary winding to the secondary winding. This means that an image of the 
output voltage across the capacitor C100 is generated at the capacitor C15. The 
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current in the auxiliary winding also causes via the capacitor C14 an acceleration of 
the turn-off of the transistor T1 2. 

When the voltage across the capacitor C15 is lower than the sum of the threshold 
voltages of the diode D16 and the transistor T10, the transistor T10 is blocked and 
the transistor T11 is conducting so that the capacitor C14 is quickly charged via the 
series circuit of the resistor R18, transistor T12 and the resistor R20. In this way, the 
primary-side switch T12 is turned on again after a short pause and starts a new 
cycle. 

If the voltage on C15 exceeds the sum of the threshold voltages of the diode D16 
and the transistor T10, the transistor T10 becomes conducting and reduces the base 
current of the transistor T11 such that it limits the charging current of the capacitor 
C14, therefore extending the turn-off period of the primary-side switch T12. 

With the illustrated circuit it is therefore possible in a particularly simple manner to 
adapt the transferred power to the output voltage independently of the connected 
load by setting the turn-off period. As already mentioned, the detection of the output 
voltage is simplified such that the transferred energy is the same with each pulse so 
that a relatively long time is always provided, during which current flows in the 
secondary winding. Short voltage spikes, which arise due to stray inductances, can 
be filtered out with appropriately dimensioned RC elements R13, C13, R14, D14, as 
illustrated in Figure 3. Consequently, the image voltage on the capacitor C15 
represents a very accurate replicate of the voltage across the capacitor C100. 

A limitation of the output current results from the maximum frequency which can be 
set by means of the resistors R18 and R20. This defines the maximum power point. 
When the maximum power point is exceeded, the output voltage falls and therefore 
also the voltage across the capacitor C15 decreases. Consequently, the current 
through the resistors R18 and R20 also falls and as a result, the frequency and the 
transferred power are reduced. By changing the ratio of the resistance values R18 to 
R20, the dependence of the output current on the output voltage can be set such that 
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different characteristics are possible. 

However, the embodiment shown in Figure 2 still exhibits a dependence of the output 
current on the input voltage, because the delay times on the primary-side switch T12 
cause a maximum primary current dependent on the input voltage. 

This can be countered in that, as shown in Figure 3 depicting a second embodiment 
of the switched-mode power supply according to the invention, a capacitor C17 is 
connected to the emitter of the primary-side switch. In this case the capacitor C18 
can be replaced by a resistor. As for the rest, in Figure 3 components with the same 
designations as in Figure 2 are given the same reference symbols. 

When, with the primary-side switch T12 turned off, the secondary current has 
decreased to zero, a voltage at the level of the output voltage U OU t added to the 
forward voltage of the diode D100 is present on the secondary-side winding. The 
parasitic capacitances are charged with this voltage. With the transformer W 10, these 
capacitances form an oscillating circuit and the oscillation, which is caused by the 
energy stored in the parasitic capacitances, can under some circumstances cause 
the transistor T12 to turn on again prematurely. This in turn leads to a brief control 
deviation and therefore to an increased ripple on the output voltage Uout- To prevent 
this, the voltage from the auxiliary winding is, according to the expanded embodiment 
shown in Figure 3, passed to the capacitor C14 via a filter formed from the capacitor 
C13, resistor R14, diode D14 and resistor R13. 

Additionally in Figure 3, a delay element formed by capacitor C16, resistor R21, 
resistor R22 and capacitor C18 is provided which delays the rise of the base-emitter 
voltage on transistor T1 3 due to the rise of voltage across the resistor R23. This 
delay element is not essential for the function of the circuit, but it increases the 
efficiency, because the turn-off process of the transistor T12 is accelerated due to the 
phase shift. 

According to a further embodiment, which is shown in the form of a circuit diagram in 
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Figure 4, a second auxiliary winding can be provided for power control. 

The switched-mode power supply shown in Figure 4 with galvanic separation 
between the primary and secondary sections also represents a free-running flyback 
converter. With the additional primary-side auxiliary winding W10 3-6 a negative 
voltage is generated via the resistor R124 during the turn-on period of the primary- 
side switch T110 at the anode of the diode D119. (A diode can also be used instead 
of the resistor R124.) Consequently, on the anode of the diode D119 a current can 
be fed with which the turn-on period of the transistor T111 is extended without the 
turn-off threshold being affected. 

In this way control of the turn-off period of the transistor T1 10 is possible. This leads 
to a low switching frequency on low load and the power loss on open-circuit and on 
low load is reduced. The secondary voltage can be determined relatively accurately 
with the aid of the primary auxiliary windings. 

A simple voltage limitation may be achieved by means of the diode D120, resistor 
R129, capacitor C119 and the diode D121. The RC element R125, C118 here filters 
out the induced voltage spikes from the stray inductance, improving the control 
characteristics. The resistor R125 provides peak current limitation to protect the 
diode D121. 

The parallel circuit of the RC elements C113, R115 and C114, R116 provides low- 
resistance switching of the transistor T111 with relatively low holding current. 
Furthermore, due to the combination of a relatively large capacitor C114 and a large 
resistance value R116, the transistor T110 can be turned on with a delay, because 
the energy in the capacitor C114 is only reduced slowly. In this way, a continuous 
adaptation of the pause duration to the load occurs. 

An improvement in the control characteristics on very low load can be achieved in the 
illustrated embodiment with the aid of the diode D114, capacitor C117, diode D115 
and resistor R120 or the diode D116. Due to this circuit, the capacitors C113 and 
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C114 are discharged quicker and charged more slowly. Consequently, very long 
pause periods are possible, which are automatically extended with increasing output 
voltage. This circuit also acts as an overvoltage protection and prevents a dangerous 
rise in the output voltage U 0 ut with a simple fault. 

With the aid of the RC element R1 14, C1 16 the induced voltage spikes from the stray 
inductance can be filtered out, whereby the control characteristics can be further 
improved. 

To reduce the dependence of the output current on the output voltage, the turn-on 
threshold of the transistor T1 1 1 can be matched via the resistor R1 1 8. 

Furthermore, with the aid of the resistor R123 and the diode D118, the turn-on 
threshold of the transistor T1 1 1 can be matched to reduce the dependence of the 
output current on the input voltage. 

Finally, in the embodiment illustrated in Figure 4 a temperature compensation circuit 
is provided, comprising the transistor T112, resistor R128 and resistor R127, to 
reduce the temperature dependence of the output current. 

A further embodiment of the switched-mode power supply according to the invention 
is explained in the following with reference to Figure 5. Here, the functioning principle 
of the illustrated circuit is the same as that of the circuits of Figures 2 and 3 with the 
difference that the circuit according to Figure 5 requires substantially fewer 
components, because the control of the charging current for the control capacitor 
C213 is realised in a more simple manner. The turn-off of the primary-side switch T12 
occurs via a Zener diode D214, which limits the voltage on the series circuit of the 
base-emitter junction of the primary-side switch T12 and the resistor R220. On 
reaching the Zener voltage, the flow of current through the transistor T210 cannot 
increase further and consequently the voltage on the transformer falls and the direct 
feedback causes the primary-side switch T12 to turn off quickly. 
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With reference to Figure 6 a further embodiment of the switched-mode power supply 
according to the invention is now described, in which an additional optocoupler is 
used for the feedback of the output voltage to the primary side. Various circuits for 
switched-mode power supplies are known with low open-circuit input powers, which 
switch off the primary section of the power supply via an optocoupler with the 
undercutting of a defined output power, thereby facilitating a very low input power. A 
disadvantage of this known principle is however that the output voltage comprises a 
very large ripple voltage on open circuit. 

With a switched-mode power supply as shown in Figure 6 the voltage control can be 
realised using the optocoupler IC10 and a secondary-side control circuit. Here, the 
optocoupler IC10 is controlled such that it conducts when the control voltage 
undercuts its limit. In this way, the switched-mode power supply operates below the 
control voltage at maximum frequency, whereby the frequency is limited by a resistor 
R415 connected in series with the optocoupler IC10. On reaching the control voltage, 
the optocoupler IC10 blocks so far that the switching frequency is reduced to the 
frequency which is required to maintain the control voltage on the output. If the 
optocoupler IC10 is completely blocked, the switching frequency reverts to the 
minimum frequency at which only very low power is transferred. In this state the 
power consumed by the circuit is very low. In this way, it is possible to keep the 
voltage ripple relatively low despite the very low open-circuit input power. 

A current limitation can be realised in this case on the secondary side using the same 
optocoupler IC10. 

Alternatively, the current limitation can also be realised on the primary side. Here, a 
voltage from the auxiliary winding W10 2-3, which is proportional to the output 
voltage, is used for the control of the primary-side switch T12 via the optocoupler 
IC10 and the series resistor R415. As a result, the charging current of the capacitor 
C414 reduces with falling output voltage and the frequency drops. A lower power is 
transferred and the output current remains almost constant. Various output 
characteristics are possible through different dimensioning. One common feature is 
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that the short-circuit current is very low, because the optocoupler is blocked in the 
short circuit. 

In contrast to known methods in which optocouplers are employed, here the 
minimum frequency and therefore the minimum power are achieved with a blocked 
optocoupler and the maximum frequency is achieved with a conducting optocoupler. 
The current control is affected by means of controlling the switching frequency 
dependent on the output voltage which is transferred by an auxiliary winding. 

If in the time control unit a diode is provided, which limits the charging current of the 
control capacitor during the turn-off time of the primary-side switch, the charging of 
the control capacitor may be prevented and the power control via the turn-off duration 
can be facilitated in a particularly efficient and simple manner. 

A controlled charging current for the control capacitor may be obtained in a 
particularly effective manner by a charge-current control circuit, which is arranged 
between the input terminal of the switched-mode power supply and the control 
terminal of the primary-side switch. 

An oscillation suppression circuit may be provided according to an advantageous 
further development of this invention in order to suppress unwanted oscillations in the 
control circuit of the primary-side switch and to consequently increase the control 
accuracy. 

A phase-shift circuit may be provided for the phase-shifted turn-off of the primary-side 
switch to accelerate the turn-off process of the primary-side switch and consequently 
to increase the efficiency of the whole switched-mode power supply. 

According to a further embodiment, the time control unit is formed such that a control 
signal can be deactivated during a turn-on time of the primary side switch. In this 
way, variable pauses and constant pulses can be obtained with a free-running 
oscillator in a very efficient manner. 
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According to an advantageous embodiment the switched-mode power supply 
according to the invention comprises two primary-side auxiliary windings, which may 
also control the turn-off period of the primary-side switch. In this way, low switching 
frequencies at low load and a reduced power loss on open circuit can be achieved. 
The secondary voltage can be determined relatively accurately on the primary 
auxiliary windings. 

If one of the auxiliary windings is connected to the primary-side switch via a diode 
and a transistor, then a current can be fed to the anode of the diode to extend the 
turn-on period of the transistor without affecting the turn-off threshold. During the 
turn-on period of the primary-side switch, a negative voltage is generated on the 
anode of the diode. Alternatively, the series circuit of two diodes or two resistors may 
also be used. An additional resistor may be provided to limit the peak current for the 
diode. 

If one of the auxiliary windings is connected via a second diode to a capacitor such 
that same can be charged to the voltage to be regulated on the secondary side and 
that, in dependence of the voltage applied to the capacitor, a current flows through 
the diode, a resistor, a third diode and the base-emitter junction of the transistor, 
which delays the turn-on of the primary-side switch due to the turn-on period of the 
transistor, a voltage-controlled setting of the turn-off period of the primary-side switch 
can be obtained. RC elements, which are connected to a control terminal of the 
primary-side switch and to the first auxiliary winding, can facilitate relatively low- 
resistance switching in the control circuit for a relatively low holding current. Due to 
the combination of a relatively large capacitor with a large resistance value, the 
primary-side switch can in addition be turned on delayed, because the energy in the 
capacitor decays only slowly. This facilitates continuous adaptation to the load. 

An improvement in the control properties with a very low load is possible with the aid 
of an overvoltage protection circuit. Due to this circuit, the control capacitors are with 
increasing output voltage discharged quicker and charged more slowly. 
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Consequently, very long pause periods are possible, which are automatically 
extended with increasing output voltage. This circuit acts as an overvoltage 
protection and prevents a dangerous rise in the output voltage with a simple fault. 

According to an advantageous embodiment, the charge-current control circuit 
comprises a first Zener diode, which is connected via a resistor to the base of a 
control transistor such that the turn-on period of the control transistor delays the turn- 
on of the primary-side switch. In this way, a functioning principle is obtained, which 
essentially corresponds to that described above, whereby however the control of the 
charging current for the control capacitor can be realised in a more simple manner. A 
significant advantage is a reduced component requirement. 

Furthermore, the turning-off of the main switch can be affected by a Zener diode, 
which limits the voltage at the series circuit of the base-emitter junction of the main 
switch with a resistor. On reaching the Zener voltage, the current flow through the 
primary-side switch cannot rise any further. Consequently, the voltage at the 
transformer is reduced and the direct feedback causes a quick turn-off. 

The temperature dependence of the output current can be reduced in a simple 
manner by means of a temperature compensation circuit. 

According to an advantageous further development of this invention, the voltage 
control can be realised using an optocoupler and a secondary-side control circuit. 
Here, the optocoupler is controlled such that it conducts when the control voltage 
undercuts its limit. In this way, the switched-mode power supply runs at maximum 
frequency, whereby the frequency is limited by a resistor connected in series with the 
optocoupler. On reaching the control voltage, the optocoupler blocks so far that the 
switching frequency is reduced to the frequency which is required to maintain the 
control voltage on the output. If the optocoupler is completely blocked, the switching 
frequency goes back to the minimum frequency at which only very low power is 
transferred. In this state the power taken up by the circuit is very low and it is 
therefore possible, despite the very low open-circuit input power, to maintain the 
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voltage ripple relatively low also on open circuit. 

A current limitation may be realised in this case on the secondary side, using the 
same optocoupler used. Alternatively, the current limit can also be realised on the 
primary side. Here, a voltage from an auxiliary winding, which is proportional to the 
output voltage, is used for the control of the primary-side switch (via the optocoupler 
and series resistor). As a result, the charging current of the control capacitor 
decreases with falling output voltage and the frequency drops. A lower power is 
transferred and the output current remains, for example, almost constant. Various 
output characteristics are possible through different dimensioning. One common 
feature is that the short-circuit current is very low, because the optocoupler is blocked 
in the short circuit. Apart from low costs and an exact output voltage control, this 
embodiment also offers the advantage of a low open-circuit input power and short- 
circuit protection. 

While the invention has been described with respect to the physical embodiments 
constructed in accordance therewith, it will be apparent to those skilled in the art that 
various modifications, variations and improvements of the present invention may be 
made in the light of the above teachings and within the purview of the appended 
claims without departing from the spirit and intended scope of the invention. 

In addition, those areas in which it is believed that those ordinary skilled in the art are 
familiar have not been described herein in order to not unnecessarily obscure the 
invention described herein. Accordingly, it is to be understood that the invention is 
not to be limited by the specific illustrated embodiments, but only by the scope of the 
appended claims. 



What is claimed is: 



